I. INTRODUCTION
Relativistic Dirac approaches based on the Dirac equation have been very successful for describing the intermediate energy proton scatterings from the nuclei, achieving better agreement with the experimental data than the nonrelativistic approaches based on the Schrödinger equation [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, it is still necessary to analyze more nuclear scattering data using the Dirac approach in order to complete the systematic Dirac analyses and eventually to provide a reliable basis for replacing the nonrelativistic Schrödinger approach with the relativistic Dirac approach for the analyses of the nuclear scatterings.
In this work we performed a relativistic Dirac coupled channel analysis for the inelastic proton scatterings from Ni isotopes, 62 Ni and 64 Ni, by using an optical potential model [1] and the first order collective model. This work is a follow-up of our previous publication for the Dirac phenomenological analyses of the inelastic proton scatterings from the other Ni isotopes, 58 Ni and 60 Ni [11] . Ni isotopes are of interest because they are known to have a doubly closed shell (N = Z = 28) surrounded by only a few off-shell neutrons [12] . The Dirac optical potential and the deformation parameters are searched to fit the experimental data using a computer program called ECIS [13] , where a Numerov method is employed to solve the complicated Dirac coupled channel equations. The Dirac equations are reduced to the Schrödinger-like second-order differential equations and the effective central and spin-orbit optical potentials are analyzed by considering the mass number dependence.
II. THEORY AND RESULTS
Dirac phenomenological analyses are performed for the 1.047 GeV unpolarized proton inelastic scatterings from Ni isotopes, 62 Ni and 64 Ni, by employing an optical potential model and a first-order collective model. Ni isotopes are of interest because they have the closed proton shell, Z=28. They are known to have a closed 1 f 7/2 proton shell with a few off-shell neutrons outside the closed neutron 1 f 7/2 shell [12] . 62 Ni and 64 Ni are spin-0 nuclei and most of the theoretical procedures for the Dirac phenomenological calculation for the proton scatterings from spin-0 nuclei are given in our previous publications [3, 4, 8-11, 14, 15] . Hence, they will be omitted in this paper. The Dirac equation may be rewritten as two coupled equations for the upper (Ψ u ) and lower (Ψ l ) components of the Dirac wave 1 function, Ψ(r), and we let
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Here, U S is the scalar potential, U [
Here, the Schrödinger equivalent or effective central potential which contains the Darwin potentials, and effective spin-orbit potentials are defined as follows.
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V c (r) and k is the abnormal magnetic moment (k = 1.79 for proton, k = −1.91 for neutron). Hence in the Dirac approach, it is shown that the spin-orbit potential appears naturally when we reduce the Dirac equation to a Schrödinger-like secondorder differential equation, while in the nonrelativistic Schrödinger approach, we have to insert the spin-orbit potential by hand.
The Dirac equations are numerically solved to get the parameters fitting best to the experimental data by employing the minimum χ 2 method. In order to obtain the optimizing optical potential parameter set we minimize the chi-square for given scattering observables by varying the adjustable parameters in the coupled differential equations and iterations.
When the number of experimental data is n for the given angular distribution of scattering observables, the chi-square χ 2 is defined as Tables I and II large, except the imaginary scalar potential for the elastic scattering from 64 Ni which is found to be rather small. It is observed that the strength parameters of all four potentials mostly decrease as the mass number is increased from 62 to 64, for both elastic and inelastic scatterings, except at the real scalar potentials when the inelastic scattering is considered.
The radius parameters of the potentials increase as the mass number is increased from 62 to 64, as expected. As a first step for inelastic scattering calculations, only the ground state and one excited state, the 2 + state or the 4 + state, are included at once in the calculations.
Next, the ground state, the 2 + state, and the 4 + state are included in the inelastic scattering calculations to investigate the effect of the channel coupling between the excited states of the GSRB, which is known to be strong as shown in our previous publications for the proton scatterings from axially symmetric deformed nuclei [9, 11] . The Dirac coupled channel equations are solved phenomenologically to obtain the best fitting optical potential and deformation parameters to the experimental data by using the minimum χ 2 method. The real and the imaginary β λ are set to be equal for a given potential type, so that β S and β V are determined for each excited state. In Figs. 1 as a surface-peaked interaction. Somehow, it is observed that the peak position of the imaginary spin-orbit potential is found at near 3 fermi for the scattering from 62 Ni, whereas the peak position of real spin-orbit potential is found at near 6 fermi for the scattering from 64 Ni.
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